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ABSTRACT 

Pay loads  for e a r t h  o r b i t a l  s p a c e  s t a t i o n s  i n  t h e  1970's 
s h o u l d  b e  s e l e c t e d  t o  e x p l o r e  and e x t e n d  manned s y s t e m  c a p a b i l i t i e s  
for l o n g  d u r a t i o n  and r e l i a b i l i t y  w h i l e  accompl i sh ing  as much use-  
f u l  s c i e n c e  as p o s s i b l e .  Experiment  programs i n  b i o m e d i c i n e ,  b i o -  
t e c h n o l o g y  and manned o p e r a t i o n s  s h o u l d  have f i rs t  p r i o r i t y ,  a t  
l e a s t  i n  e a r l y  m i s s i o n s .  Astronomy d e s e r v e s  h i g h  p r i o r i t y  as a 
program l i k e l y  t o  u t i l i z e  man w e l l  w h i l e  making major  s c i e n t i f i c  
advances .  E a r t h  a p p l i c a t i o n s  may take  advan tage  of  manned s y s t e m s  
for e a r l y  R & D  o p e r a t i o n s .  
b i o s c i e n c e  and p h y s i c s  have u s e f u l  smal ler  p a y l o a d s  t h a t  are n o t  
mis s ion - shap ing .  

Other d i s c i p l i n e s  of  advanced t e c h n o l o g y ,  

An "Onion Sk in"  approach  i s  s u g g e s t e d  w i t h  t h r e e  
o p t i o n a l  l e v e l s  of  exper iment  e f f o r t :  a hard c o r e  of  b iomed ica l  
and o p e r a t i o n a l  e x p e r i m e n t s ;  n e x t ,  t h e  a d d i t i o n  of  a minimum 
number o f  u s e f u l  e x p e r i m e n t s ;  and f i n a l l y  a program i n c l u d i n g  
s i g n i f i c a n t  s c i e n c e .  
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I .  I N T R O D U C T I O N  

T h i s  memorandum p r e s e n t s  a s e t  o f  f i r s t - o r d e r  gu ide-  
l i n e s  f o r  a s sembl ing  m u l t i - d i s c i p l i n e  expe r imen t  pay loads  f o r  
E a r t h  O r b i t a l  Space S t a t i o n s  i n  t h e  1972-1975 p e r i o d .  A r a t i o n a l e  
i s  p r e s e n t e d  g i v i n g  agency-wide o b j e c t i v e s ,  p r i o r i t i e s  among d i s c i -  
p l i n e s  for manned e x p e r i m e n t s ,  and s e l e c t i o n  c r i t e r i a .  A s e t  of  
p a y l o a d s ,  p r o g r e s s i n g  from "ha rd  c o r e "  t h r o u g h  " s i g n i f i c a n t  
s c i e n c e "  o p t i o n s  i s  o u t l i n e d .  P r i n c i p a l  c o n s t r a i n t s  on p a y l o a d s  
a re  enumera ted .  F u r t h e r  e l a b o r a t i o n  o f  g o a l s  and programs i n  
e a c h  d i s c i p l i n e  i s  t h e n  p rov ided  i n  an Appendix. 

These g u i d e l i n e s  a r e  i n  g e n e r a l  agreement  w i t h  t h e  o u t -  
p u t s  o f  t h e  v a r i o u s  NASA d i s c i p l i n a r y  working  g roups  and w i t h  
s t a t e m e n t s  of  t h e  P l a n n i n g  S t e e r i n g  Group. 

11. RATIONALE 

A .  NASA Goa l s ,  Long-range 

By t h e  end o f  t h e  decade (1980) t h e  Agency may w e l l  
have  a N a t i o n a l  O r b i t a l  Space S t a t i o n  w i t h  

a crew of s i x  men o r  more, 
a f i v e - y e a r  l i f e t i m e ,  
a r t i f i c i a l  "g" c a p a b i l i t y .  

I n t e r m e d i a t e  Goals  

An i n t e r m e d i a t e  space  s t a t i o n  i n  t h e  m i d - 7 0 ' s  w i l l  

e x t e n d  t h e  c a p a b i l i t i e s  of manned s y s t e m s  to long-  
d u r a t i o n  r e l i a b l e  o p e r a t i o n s ;  
v a l i d a t e  methods t o  s u p p o r t  man i n  s p a c e  and o p t i m i z e  
h i s  per formance  i n  u s e f u l  t a s k s ;  
c a r r y  o u t  u s e f u l  s c i e n c e  and t echno logy  c o n s i s t e n t  
w i t h  or c o n t r i b u t i n g  t o  t h e  above two g o a l s .  
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C .  P r i o r i t i e s  by  D i s c i p l i n e  

I n  agreement  w i t h  t h e s e  g o a l s ,  p r imary  emphasis  w i l l  b e  
p l a c e d  on e x p e r i m e n t s  which i n v e s t i g a t e ,  s u p p o r t  and deve lop  man's 
u s e f u l  r o l e  i n  s p a c e .  D i s c i p l i n e s  w i l l  b e  ranked  a s  t h e y  c o n t r i -  
b u t e  t o  t h i s  end .  A f i r s t  o r d e r i n g  o f  d i s c i p l i n e s  on t h i s  b a s i s  
i s  as f o l l o w s :  

1. Biomedecine ( and  s u p p o r t i n g  B i o s c i e n c e )  
2 .  B io t echno logy  and Manned O p e r a t i o n s  
3.  Astronomy 
4 .  E a r t h  A p p l i c a t i o n s  
5 .  Advanced Technology (new s p a c e  hardware and s y s t e m s )  
6 .  Piggy-back Experiments  ( P h y s i c a l  S c i e n c e s ,  B i o s c i e n c e )  

F u r t h e r  d i s c u s s i o n  of e a c h  d i s c i p l i n e  i s  g i v e n  i n  t h e  
Appendix. 

D.  C r i t e r i a  f o r  Experiments  

Each exper iment  must a l s o  b e  judged  b y  

1. t h e  d e g r e e  t o  which it  t a k e s  advan tage  o f  t h e  un ique  
c a p a b i l i t i e s  of  a s t r o n a u t s  or manned sys t ems ;  

2 .  t h e  l i k e l y  c o n t r i b u t i o n  o f  u s e f u l  knowledge t o  t h e  
s p a c e  program or t o  s c i e n c e ;  

3 .  t e c h n i c a l  f e a s i b i l i t y  and c o s t  e f f e c t i v e n e s s .  

E .  Ordered  Payload  Opt ions  (Onion S k i n  Approach) 

S i n c e  t h e  l e v e l  of  payload  f u n d i n g  and complexi ty  f o r  
t h e  i n t e r m e d i a t e  s t a t i o n  cannot  y e t  b e  d e c i d e d ,  a s e t  of  s e v e r a l  
o p t i o n s  s h o u l d  b e  drawn up.  These s h o u l d  c o n s i s t  o f  

1. a Hard Core program e s s e n t i a l  t o  t h e  m i s s i o n  i t s e l f ,  
2 .  Hard Core p l u s  Minimum U s e f u l  exper iment  program, 
3. Hard Core,  p l u s  Minimum U s e f u l ,  p l u s  S i g n i f i c a n t  

S c i e n c e  e x p e r i m e n t s .  



BELLCOMM, INC. - 3 -  

ONION SKIN APPROACH 

Sugges t ed  g u i d e l i n e s  for t h e s e  o p t i o n s :  

1. Hard Core 

A .  B iomedica l  

i. IMBLMS 
ii. C o n d i t i o n i n g  e x e r c i s e s  

B.  Manned O p e r a t i o n s  

i. P i l o t i n g  S /C ,  r endezvous ,  docking  
ii. S e t  up l i v i n g  q u a r t e r s ,  t e s t  h a b i t a b i l i t y  

iii. I V A ,  EVA, t e s t s  o f  s u p p o r t i v e  d e v i c e s  and 
ha rdware ,  maneuvering u n i t s .  

2 .  Hard Core P l u s  Minimum Use fu l  Exper iments  

A .  A l l  o f  Hard C o r e  Program. 
B.  More demanding a s t r o n a u t  o p e r a t i o n s  such  as 

a s sembly ,  r e p a i r  c a l i b r a t i o n ,  deployment of  
hardware .  

C .  S e t  up and  o p e r a t e  modest s e t  o f  as t ronomy 
e x p e r i m e n t s ,  such as small UV, X-ray and 
gamma-ray t e l e s c o p e s  and one o r  more small  
s o l a r  t e l e s c o p e s .  
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D. S e v e r a l  u s e f u l  e a r t h  a p p l i c a t i o n s  e x p e r i m e n t s  
such  as m u l t i s p e c t r a l  imagery o f  t h e  e a r t h  i n  
t h e  v i s i b l e  and t h e  i n f r a r e d .  

Exper iments  i n  C .  and D .  would be s e l e c t e d  t o  
p r o v i d e  a v a r i e t y  o f  s k i l l e d  manned o p e r a t i o n s  
i n  which per formance  d e g r a d a t i o n  c o u l d  b e  
measured.  

3.  Hard Core,  P l u s  Minimum U s e f u l ,  P l u s  S i g n i f i c a n t  S c i e n c e  

A .  A l l  o f  above .  
B .  An astronomy program e q u i v a l e n t  t o  two ATM 

t e l e s c o p e s  - one s t e l l a r - p l a n e t a r y ,  one s o l a r .  
C .  A g roup  of  f o u r  t o  f i v e  e a r t h  r e s o u r c e s  e x p e r i -  

ments  t o  t e s t  and c a l i b r a t e  new t e c h n i q u e s .  
D .  Piggy-back expe r imen t s  i n  t h e  advanced t e c h n o l o g y ,  

p h y s i c s  and b i o s c i e n c e  areas .  

111. CONSTRAINTS ON PAYLOADS 

The o u t s t a n d i n g  program and m i s s i o n  c o n s t r a i n t s  t h a t  
must b e  m e t  i n  a s sembl ing  expe r imen t s  f o r  a g i v e n  m i s s i o n  are  
as f o l l o w s :  

A .  Schedu le  

S t a r t i n g  from an  assumed f l i g h t  da te  ( s u c h  as 1 9 7 2  f o r  
a n  e a r l y  s t a t i o n ,  1975 f o r  a n e w - s t a r t )  one must assume d e l i v e r y  
of f l i g h t  hardware s i x  t o  n i n e  months b e f o r e  f l i g h t ,  and  can  
t h e n  p r e d i c t  how many years  b e f o r e  t h a t  exper iment  d e f i n i t i o n  
and development  must be accompl ished .  For a 1972 l a u n c h ,  t h i s  
r e s t r i c t s  a v a i l a b l e  expe r imen t s  a lmos t  t o  I fo f f - the - she l f  i tems" 
or a t  l e a s t ,  t o  p r e v i o u s l y  deve loped  hardware. Even for 1975,  
ma jo r  new hardware sys tems such as t e l e s c o p e s ,  may n o t  make 
t h e  s c h e d u l e  i f  s t a r t e d  now. 

B .  Cos t s  

L i k e l y  expenses  r e q u i r e d  f o r  d e f i n i n g ,  d e v e l o p i n g  and 
i n t e g r a t i n g  a l l  expe r imen t s  f o r  e a c h  year  t h r o u g h  t o  f l i g h t  must 
g i v e  t o t a l s  t h a t  c o u l d  b e  m e t  i n  t h e  n e a r  t e r m  by p r e s e n t  budget  
l e v e l s  and t h e r e a f t e r .  (For example,  programs t h a t  r e q u i r e  
expe r imen t  f u n d i n g  f o r  FY 1969 o f  much o v e r  $20 m i l l i o n  are 
a l r e a d y  i m p o s s i b l e .  ) 
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C .  Weight.  Volume and P o w e r  

These can b e  found for a g i v e n  m i s s i o n  a l t i t u d e ,  i n c l i n a -  
t i o n ,  l i f e t i m e ,  and r e s u p p l y  s c h e d u l e .  The pay load  s h o u l d  r e q u i r e  
a r e a s o n a b l e  f r a c t i o n  of  t h e  a v a i l a b l e  volume and we igh t  p r o v i d e d  
by t h e  l a u n c h  v e h i c l e  - n e i t h e r  much l e s s ,  n o r  more. Experiment  
modules may b e  l aunched  l a t e r  and docked t o  t h e  s t a t i o n .  

D .  A s t r o n a u t  Time 

For  assumed 3-, 6- o r  9-man crews w i t h  house-keeping ,  
p i l o t i n g  and b i o m e d i c a l  t e s t i n g  tasks a p p r o x i m a t e l y  known, t h e  
t i m e  a v a i l a b l e  f o r  expe r imen t s  must b e  matched a g a i n s t  e s t i m a t e d  
expe r imen t  r e q u i r e m e n t s .  S p e c i a l i z e d  a s t r o n a u t  t r a i n i n g  for 
c e r t a i n  e x p e r i m e n t s  must be c o n s i d e r e d ,  a l o n g  w i t h  t h e  v a r i o u s  
sequences  p o s s i b l e  f o r  a l l  t asks  and  e x p e r i m e n t s .  Recent e s t i -  
mates  i n d i c a t e  t h a t  an  a s t r o n a u t  can g i v e  about  8 hour s  p e r  day  
t o  b i o m e d i c a l  t e s t i n g  and s c i e n t i f i c  e x p e r i m e n t s .  

E .  Mis s ion  Pa rame te r s  and Experiment  Requirements  

O r b i t a l  i n c l i n a t i o n ,  a l t i t u d e ,  p r e c e s s i o n  r a t e ,  radia-  
t i o n  l e v e l s ,  e a r t h  o c c u l t a t i o n ,  p o i n t i n g  a t t i t u d e s ,  r e s u p p l y ,  and 
m i s s i o n  d u r a t i o n  must a l l  b e  matched a g a i n s t  exper iment  r e q u i r e -  
men t s .  

It can  b e  assumed t h a t  e a r t h  o r b i t a l  s t a t i o n s  i n  t h e  
mid-70 's  w i l l  have  

1. A l t i t u d e :  150 t o  3 0 0  n .mi .  
2 .  I n c l i n a t i o n :  28-1/2' to 50" 
3. D u r a t i o n :  Up t o  2 y e a r s  
4 .  Resupply:  Every 2 t o  6 months 
5 .  F a c i l i t i e s  for s o l a r ,  s t e l l a r  o r  e a r t h  p o i n t i n g  

i n s t r u m e n t s ,  though p e r h a p s  n o t  a l l  a t  once .  

F .  I n t e r a c t i n g  Experiment Requi rements  

Mutual expe r imen t  i n c o m p a t a b i l i t y  o f  p o i n t i n g  r e q u i r e -  
ments  ( s u c h  as earthward, s o l a r  o r  s t e l l a r ) ,  EMI, r a d i a t i o n  l e v e l s ,  
c o n t a m i n a t i o n  from waste dumps and t h r u s t e r  f i r i n g s ,  must be  
s t u d i e d ,  and o f f e n d i n g  expe r imen t s  e l i m i n a t e d .  F l i g h t  of s e p a r a t e  
expe r imen t  modules ( a s t ronomy,  for e x a m p l e ) ,  may be  c o n s i d e r e d  
as a means o f  r e l i e v i n g  s e r i o u s  c o n f l i c t s .  

1015-FGA-caw F .  G .  A l l e n  

Attachment  
Appendix 
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APPENDIX 

DISCIPLINARY OBJECTIVES AND PROGRAMS 

A. Biomedic ine  

O b j e c t i v e s :  To de te rmine  t h e  e f f e c t s  of  t h e  s p a c e  
envi ronment  on man f o r  i n c r e a s i n g  d u r a t i o n s  up t o  two y e a r s ,  
t o  d e v e l o p  r e a l  t i m e  i n d i c e s  of f u n c t i o n a l  impairment  and t o  
d e v e l o p  a s u p p o r t i v e  environment  and c o n d i t i o n i n g  p r o c e d u r e s  
t o  o f f s e t  t h e  ill e f f e c t s  of space  f l i g h t  and r e e n t r y .  

Program: For t h e  p r e s e n t  t h i s  area must r e c e i v e  f i r s t  
p r i o r i t y  o v e r  a l l  o t h e r s  each t i m e  t h e  d u r a t i o n  of  a m i s s i o n  
i s  ex tended  beyond t h e  p r e v i o u s  r e c o r d  ( 1 4  d a y s  a t  p r e s e n t ) .  
A comple t e  se t  o f  t e s t s  o f  b o d i l y  s t a t u s  and f u n c t i o n s  w i l l  
b e  c a r r i e d  o u t  a t  r e g u l a r  i n t e r v a l s  u s i n g  a n  I n t e g r a t e d  
Med ica l  B i o l o g i c a l  L a b o r a t o r y  Measuring System (IMBLMS). A 
s e r i e s  of  c o n d i t i o n i n g  e x e r c i s e s  t o  o f f s e t  t h e  e f f e c t s  of  
zero-g  must b e  t e s t e d  and e v a l u a t e d .  An optimum s p a c e c r a f t  
a tmosphe re  must b e  s e l e c t e d .  H a b i t a b i l i t y  c o n d i t i o n s  must 
b e  improved f o r  b o t h  l i v i n g  and working .  A s  e x p e r i e n c e  
a c c u m u l a t e s ,  t h e  t e s t i n g  t i m e  r e q u i r e d  d u r i n g  t h e  e a r l y  s t a g e s  
o f  a p ro longed  m i s s i o n  c a n  be  r educed .  Data must b e  accumu- 
l a t e d  r a p i d l y  d u r i n g  t h e  n e x t  f e w  m i s s i o n s  t o  e n a b l e  a n  e a r l y  
d e c i s i o n  as t o  whe the r  a r t i f i c i a l - g  w i l l  b e  d e s i r a b l e  i n  
f u t u r e  s p a c e c r a f t  d e s i g n s .  Adequate volume must be  p rov ided  
for l i v i n g  and e x e r c i s e  s p a c e  p e r  man, and more w i l l  b e  
r e q u i r e d  w i t h  l o n g e r  m i s s i o n s .  The volume, weight  and power 
r e q u i r e m e n t s  of t h e  IMBLMS a p p a r a t u s  a r e  f a i r l y  w e l l  e s t ab l i shed  
and s h o u l d  n o t  change d r a s t i c a l l y  i n  t h e  f u t u r e .  B i o l o g i c a l  
e x p e r i m e n t s  w i t h  p l a n t s  or an ima l s  d i r e c t l y  u s e f u l  t o  manned 
b i o m e d i c i n e  problems,  s h o u l d  be s u p p o r t e d .  

B .  B io techno logy  and MSF O p e r a t i o n s  

O b j e c t i v e s :  To de t e rmine  t h e  d e g r e e  of  d e g r a d a t i o n  of 
human per formance  i n  s p a c e ,  t o  d e v e l o p  s u p p o r t i n g  f a c i l i t i e s  
and p r o c e d u r e s  t o  overcome such d e g r a d a t i o n ,  and t o  a c q u i r e  
e x p e r i e n c e  i n  man's  performance of  a wide v a r i e t y  of  u s e f u l  
s p a c e  o p e r a t i o n s ,  b o t h  I V A  and EVA, t o  e n a b l e  e a r l y  p l a n n i n g  
and d e s i g n  t o  o p t i m i z e  man's r o l e  i n  f u t u r e  s p a c e  s y s t e m s .  

Program: T h i s  program should  come c l o s e  beh ind  Bio- 
m e d i c i n e  i n  p r i o r i t y  f o r  t h e  nea r  f u t u r e .  U n l i k e  Biomedic ine ,  
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many of the tasks here can and should be designed t o  fulfill 
useful science and technology goals while meeting their 
primary objective of testing man. A carefully planned set 
of operations is needed testing man's ability to use his mind, 
to make decisions, to carry them out with simple or complex 
manual tasks, to maneuver and pilot the spacecraft, to determine 
his position and orbit, to operate equipment and experiments, 
to make repairs and adjustments, to handle or filter data, to 
maneuver about inside or outside the spacecraft, to ensure 
mission reliability, to test emergency and safety procedures, 
etc. Supporting hardware such as maneuvering systems, hand- 
holds, and zero-g tools must be designed and tested. Complex 
science experiments requiring man as an operator, and complex 
spacecraft maneuvers requiring man as a pilot should be carried 
out and all results noted to provide future design data. 
Decisions must be made as to how much automation versus manned 
operation is desirable. 

Much of this program should be designed around the use- 
ful activities the astronauts should carry out with the space- 
craft systems and the scientific experiments themselves. A 
limited set of test tools and hardware should be provided just 
for this program in a suitable work area. 

Experiments on primates may be justified in both Bio- 
technology and Biomedicine if they can be scheduled in advance 
of equivalent manned tests to predict man's medical or 
functional adaptation to space flight conditions. 

C. Astronomy 

Objectives: To operate large high-performance, high 
reliability telescopes above the atmosphere to study radiation 
from the sun, planets and stars throughout the spectral regions 
from high energy gamma rays to long-wavelength radio waves. 

Program: The advantages of operating in space to avoid 
the spectral masking and geometric resolution limitations 
imposed by the atmosphere, together with the importance of 
astronomy to our understanding of the universe and to our future 
space program, make this field a high priority space effort. It 
appears at this time that manned systems can offer important 
assistance in providing large, expensive high-reliability, long 
duration versatile telescope systems in space. Hence, a well- 
planned program in which one or more ambitious telescope System 
is provided on each manned space station, seems warranted. The 
proper balance and sequencing between solar, stellar-planetary 
gamma- and x-ray, radio and optical astronomy must still be 
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worked out. A major question to be resolved is whether or not 
large telescopes of high resolution can be operated attached 
to manned stations, or must be flown as free, man-attended 
modules. Early data on ATM performance should help here. The 
program should progress through two or three stages of ATM's 
and perhaps an "ASTRA" to a very large telescope facility 
(120") in the 1980%. A reasonable balance between the current 
automated OSO's, OAO's, SAS's and rocket flights, together with 
the manned program, seems desirable. 

The astronomy payloads place special restrictions on the 
space system. Continuously pointing solar, stellar and planetar 
telescopes may need to be accommodated, some with image stability 
of 0.01'' or better. Pointing requirements of the telescopes 
themselves can be less demanding than this if image motion com- 
pensation is designed into the optical system. Orbital inclin- 
ations of 2 8 O  to 60° at altitudes from 200 to 300 N.Mi. satisfy 
most requirements. 

A set of independent inertial platforms with airlocks 
will accommodate some of the smaller astronomy experiment require- 
ments - for example, UV star surveys, or gamma- and x-ray tele- 
scopes. 

D. Earth Applications 

This field includes all applications of remote monitoring 
of earth resource information by satellites, covering agri- 
culture, forestry, hydrology, oceanography, geodesy and geology. 

Objectives of Manned Program: To assist in early develop- 
ment of new sensing techniques where large multi-discipline 
payloads and intercomparison of results using complex calibration 
procedures by astronauts, are important. Also,  to determine if 
man can play a useful role as an observer, choosing special targets 
of opportunity, or as an on-board data compactor. 

Program: Most analyses to date have concluded that while 
this area may turn out to be a highly rewarding application of 
space technology, the eventual operating systems should probably 
be unmanned. The objectives above should therefore guide in 
choosing early earth resources instrument payloads for manned 
space stations. A set of IR and microwave imaging instruments, 
with radar and multispectral visible imaging systems, are candidates. 
New techniques include use of maneuverable subsatellites for meteor- 
ology, that could well be combined with other experiments designed 
to monitor the physical environment about the manned spacecraft. 
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The earth resources payloads have a special requirement 
for a high inclination orbit - preferably 50' or more - to over- 
fly the many calibrated ground truth sites in the United States, 
as well as to sample a wide range of weather patterns. A low 
altitude - below 200 N.Mi. - would be desirable for high resolu- 
tion in some applications. Also, the earth resources instruments 
must be mounted on an earth-looking platform, one axis of which 
is always perpendicukr to the spacecraft velocity vector for 
image motion compensation and for radar sweep scans. 

Earth resources modules that could be launched from the 
manned station into polar orbit are of considerable interest and 
should be studied. Such modules, if available for manned servicing, 
might qualify as ideal operational earth resources monitoring 
systems. 

E. Advanced Technoloav 

Objectives: To test advanced subsystems and materials 
in the space environment to provide design data for "next geners- 
tion" spacecraft. 

Program: This program should have less emphasis than 
some of the above because it is difficult to identify many tech- 
nology experiments that cannot be done or simulated on the 
ground. Areas that may prove worthwhile are spacecraft fault 
location and repair, study of spacecraft environment, micro- 
meteoroid puncture studies and "in-situ" composition analyses, 
space degradation of materials and surfaces, tests of complex 
optical systems critically dependent upon zero-g, and deployment 
in space and use of large structures such as antennas. Tests of 
subsystem elements where liquids, gases and solids interact and 
g-forces are normally important (as in fuel cells or elements of 
life support systems) may also be justified. 

separately, can be grouped with advanced technology. It also 
does not appear very big or mission-shaping for the manned program. 

The area of communications and navigation, often treated 

Tests of lasers, antennas and communications systems 
should have only limited application for low earth orbiting 
manned stations. There would be a variety of useful experiments 
to try if earth-synchronous modules are possible. 

G. Bioscience 

Objectives: To study significant biological effects 
peculiar to the space environment (low g, absence of daily cycle 
and radiation levels), and to develop techniques to apply to 
later exobiology investigations. 
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Program: Most of the bioscience program is handled well 
by automated satellites. Areas that qualify for manned stations 
are primate experiments, development of zero-g microscope tech- 
niques for biological analysis of living matter by astronauts, 
and other experiments with plants and animals requiring "in-situ" 
examination of specimens. 

H. Physical Scienc2s 

Objectives: To study physical phenomena of space and in - 
space not readily accessible from the ground, balloons or un- 
manned satellites. 

Program: Here again, manned systems are not needed for 
most of the effort. Three areas that may qualify are 1) a manned 
laboratory facility on the station carefully designed to study 
the physics and chemistry of solids, liquids and gases in zero-g; 
2) a maneuverable subsatellite operated from the manned station 
to study the environment of the manned spacecraft in regard to 
optical, gaseous, plasma, electric and magnetic field environment 
and to study radiation effects due to spacecraft absorbtion and 
scattering. The same subsatellite, acting as a slave to the 
master spacecraft, could do meteorology experiments either to 
give density measurements by radio occultation or temperature 
profile measurements by the crossed-beam autocorrelation tech- 
nique; and 3) a modest high energy cosmic ray facility to do 
those aspects of high energy physics and astronomy not accessible 
from balloons or from the high energy accelerators that will be 
available in the mid-70's. Thus, study of fluxes of electrons, 
protons and higher z particles at energies less than lo9 eV will 
be of interest. 
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